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Interpreting the phenotypic conse-
quences of alterations in BMP signaling 
is often confounded by disruptions to the 
formation of the anterior visceral endo-
derm. To date, a mouse mutant that forms 
excessive PGCs has yet to be found, rais-
ing the question of whether there is an 
activity that suppresses the specifica-
tion of the germline in vivo. In this regard, 
embryos that lack the fibronectin leucine-
rich transmembrane protein 3 (Flrt3), 
which is required for maintaining a proper 
basal membrane, may be useful to road-
test the hypothesis that the anterior vis-
ceral endoderm has a negative influence 
on PGC formation. Although Flrt3 null 
mutant embryos form an anterior visceral 
endoderm with intact signaling activity, 
they fail, like other mutant embryos that do 
not have an anterior visceral endoderm, 
to restrict the epithelial-mesenchymal 
transition and induction of mesoderm to 
the posterior epiblast (Egea et al., 2008). It 
would be interesting to find out if there are 
more PGCs in embryos deficient in Flrt3 
than in wild-type embryos.
Putting the data together, it appears 
that positive and negative signals inter-
act with each other to direct PGC forma-
tion. To form PGCs, the epiblast must 
receive signals (principally BMP4) from 
the extraembryonic ectoderm. How-
ever, in order to interpret these signals 
correctly, epiblast cells require WNT 
signaling from the posterior tissues of 
the embryo. Negative signals from the 
anterior visceral endoderm ensure that 
only a small proportion of epiblast cells 
become PGCs. Countering this negative 
signal, BMP8b might limit the influence 
of the anterior visceral endoderm on the 
epiblast cells, thereby enhancing their 
ability to respond to BMP4 and WNT3.
In order to use pluripotent stem cells in 
prospective therapies or to analyze lin-
eage-specific functions, it is necessary 
to have the ability to generate specific 
types of cells or tissues through directed 
cell differentiation. The most effective 
approach for achieving this is to recapit-
ulate in vitro the signals that regulate the 
differentiation of specialized cell types, 
such as neurons or pancreatic beta cells 
(Wichterle et al., 2002; Kroon et al., 2008). 
The successful induction of PGCs from 
the epiblast provides a vivid example of 
how principles established from basic 
embryology and genetic research can 
be applied to the differentiation of stem 
cells in an in vitro system.
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Recent mapping of nucleosome positioning has added a new dimension to the study of transcrip-
tional regulation. Hartley and Madhani (2009) now demonstrate the power of this approach and 
show that a chromatin regulator alters nucleosome positioning in the promoters of a large number 
of genes in the budding yeast Saccharomyces cerevisiae.Much of the eukaryotic genome is pack-
aged into nucleosomes. A striking find-
ing from recent studies that map the 
positions of nucleosomes in eukaryotes 
is that within gene promoters there is 
usually a short (typically 50–150 bp) 
region of DNA that has a lower density of 400 Cell 137, May 1, 2009 ©2009 Elsevier Innucleosomes. This has been termed the 
nucleosome-free region (NFR) (Figure 1). 
Although the relative location of the tran-
scription start site within the NFR differs 
depending on the organism, the position 
of the nucleosome closest to the 5′ end 
of the gene (+1 nucleosome) is tightly c.correlated with transcriptional start sites. 
In this issue, Hartley and Madhani (2009) 
examine the mechanisms that determine 
the structure of nucleosomes that flank 
NFRs, revealing an important role for 
the chromatin-remodeling complex RSC 
(remodels structure of chromatin).
What determines the position of 
the nucleosomes that flank NFRs? 
Although nucleosomes can form on 
almost any DNA sequence, certain 
sequences are better able to conform 
to the topological constraints imposed 
by the histone octamer, and genome-
wide studies have shown that DNA 
sequence is one determinant of where 
nucleosomes are located (Kaplan et 
al., 2009). For example, within NFRs, 
tracts of poly dA-dT DNA that disfa-
vor nucleosomes are highly enriched 
(Yuan et al., 2005). In addition to DNA 
sequence, transcription factors also 
play an important role. Transcription 
factor binding sites are often found 
within NFRs, and it is highly likely that 
the assembly of the RNA polymerase 
machinery occurs within this region. As 
an example, the binding motifs for the 
Myb-like transcription factors Abf1 and 
Reb1 are highly enriched within NFRs 
in budding yeast (Lee et al., 2007). 
The Madhani lab previously cre-
ated an ectopic NFR including flanking 
nucleosomes bearing the histone vari-
ant, Htz1. This was created by inserting 
a short segment of poly(A) DNA and a 
Reb1-binding site (Raisner et al., 2005). 
Although these experiments did not 
show whether Htz1 was required for the 
establishment of NFRs, they did show 
that the NFR that is generated is much 
larger than the inserted DNA element 
(which is only 22 bp), suggesting that 
DNA sequence alone cannot account 
for NFR formation.
The findings of Hartley and Madhani 
(2009) presented in this issue suggest 
that the chromatin-remodeling com-
plex RSC plays an integral part in the 
establishment of NFRs (Hartley and 
Madhani, 2009). In budding yeast, RSC 
is essential for viability and has been 
shown to alter nucleosome structure 
and histone DNA contacts (Cairns et 
al., 1996). However, relatively little is 
known about its precise in vivo role. 
Consistent with earlier findings, Hart-
ley and Madhani show that when Reb1 
or Abf1 are removed from the cell (by 
inducible degradation) an increase in 
nucleosome occupancy is observed 
at a subset of the NFRs that are likely 
bound by the degraded transcrip-
tion factor. Given that Reb1 interacts 
with components of the chromatin-remodeling complex RSC, they next 
assayed if RSC also plays a role in the 
establishment of the NFR. Remark-
ably, conditional degradation of the 
catalytic subunit of RSC, Sth1, results 
in a pronounced decrease in the width 
of NFRs at >50% of the genes investi-
gated, causing nucleosomes to occupy 
positions predicted to be more thermo-
dynamically favorable.
In a related recent report, Badis et 
al. performed a systematic screen for 
sequence-specific DNA-binding motifs, 
which led to the identification of many 
new consensus sequences (Badis et 
al., 2008). Annotation of these motifs in 
the yeast genome revealed that a large 
number were also located within NFRs. 
Two factors they chose to investigate 
are Rsc3 and Rsc30, both of which are 
zinc finger transcription factors that are 
subunits of the RSC complex. They find 
that the binding sites for these two fac-
tors are overrepresented in NFRs and that 
mutation of these results in an increase of 
nucleosome occupancy within the NFR, 
consistent with the current findings of 
Hartley and Madhani (2009). Interestingly, 
several other transcription factors also 
show a similar effect, and not surprisingly, 
mutations of some of these transcription 
factors inhibit transcription.
A key question that arises from these 
studies is whether other transcription 
factors generally work through RSC. The 
presence of a transcription factor binding 
site next to a short sequence that does 
not favor the presence of nucleosomes, 
such as poly dA-dT, could promote ini-
tial binding of the transcription factor 
to DNA. The subsequent recruitment figure 1. chromatin structure near Genes in Budding Yeast
Each nucleosome contains an octameric core of histone proteins around which ~150 bp of DNA is 
wrapped. A vast majority of transcriptional initiation takes place at the edge of the +1 nucleosome, the 
first nucleosome in the transcription unit. Typically, the nucleosome-free region (NFR) is located immedi-
ately upstream of the +1 nucleosome, where a large number of transcription factors bind DNA. Either one 
or both of the nucleosomes around an NFR may contain a histone variant Htz1 (H2A.Z in metazoan cells) 
instead of the canonical histone H2A. Genes on the opposing sides of an intergenic region may share an 
NFR or may have distinct NFRs at either the 3′ or the 5′ ends of the genes.Cellof RSC to displace nucleosomes could 
generate a window (NFR) large enough 
for the assembly of a large macromolec-
ular complex, such as RNA polymerase. 
This would provide a logical way of open-
ing the chromatin at the 5′ end of genes 
to allow transcription. Other important 
questions are whether and how RSC 
activity is regulated, and whether RSC 
slides nucleosomes away or evicts them 
to widen the NFR.
Specialized nucleosomes contain-
ing the histone variant H2A.Z (Htz1 in 
the budding yeast) typically flank NFRs 
(Jiang and Pugh, 2009), although the 
role of histone variants in the establish-
ment of NFRs has been unclear. The 
new work by Hartley and Madhani pro-
vides some clarity on this issue, indi-
cating that Htz1 deposition requires 
NFR establishment, but not vice versa.
RSC is only one of a whole host of 
chromatin remodeling and modifying 
factors that associate with the NFR. 
For example, the chromatin-remodel-
ing complex Isw2 can alter transcrip-
tion by repositioning nucleosomes 
around the NFR (Whitehouse et al., 
2007). The Swr1 complex is involved in 
deposition of Htz1 on either side of the 
NFR. Given that nucleosomal Htz1 is 
acetylated by the histone acetyltrans-
ferase complex NuA4, it is possible 
that NuA4 may be involved in NFR biol-
ogy (Keogh et al., 2006). In metazoan 
cells, the complex known as Tip60 
contains both NuA4 and Swr1. Badis et 
al. show that sequences bound by the 
Nhp10 protein, a subunit of the Ino80 
chromatin-remodeling complex, are 
enriched within the NFR. These and  137, May 1, 2009 ©2009 Elsevier Inc. 401
other reports collectively suggest that 
a majority of the chromatin-remodeling 
complexes may function in or around 
the NFR.
Until recently, work on transcriptional 
regulation focused on cis-elements. The 
ability to map nucleosomes provides a 
new vantage point from which to study 
transcription, and great strides are being 
made by investigating how cis-elements 
work in the context of nucleosomes. The 
new papers show the power of these 
approaches and indicate that much 
effort should be spent to understand for-
mation, maintenance, regulation, and the 
biological functions of NFRs.402 Cell 137, May 1, 2009 ©2009 Elsevier I
Human immunodeficiency virus (HIV), 
the causative agent of AIDS, was discov-
ered over 25 years ago. Paradoxically, 
despite being extensively studied, we 
still do not understand how HIV enters 
cells to establish infection. In general, 
enveloped viruses enter cells by one of 
two modes, direct fusion at the plasma 
membrane or endocytosis followed by 
fusion in an endosome, the latter route 
of entry being dependent on the low pH. 
HIV is commonly viewed as a prototypi-
cal example of a virus that enters cells at 
neutral pH by fusion at the plasma mem-
brane (Marsh and Helenius, 2006). Yet, 
in this issue, Miyauchi et al. (2009) pres-
ent compelling evidence that HIV enters 
cells primarily by endocytosis. To under-
stand this fusion confusion, let’s revisit 
the evidence.
After the discovery of HIV and its 
primary receptor on host cells, CD4, 
it quickly emerged that HIV entry into 
HIV entry Revis
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host cells does not depend on low pH, 
suggesting that entry does not involve 
endocytosis. HIV entry is not inhibited 
by lysomotropic reagents that com-
pletely block the entry of pH-dependent 
viruses by dissipating the low pH within 
endosomes (Stein et al., 1987). In fact, 
interfering with lysosome acidification 
enhances the efficiency of HIV entry. 
It has also been shown in a heterolo-
gous system that cell-cell fusion can be 
triggered at neutral pH between cells 
expressing HIV envelope glycoprotein 
(Env) and cells expressing CD4 and a 
coreceptor. Finally, the interaction of 
Env with CD4 and coreceptor mimetics 
induces conformational changes in the 
Env protein that are consistent with the 
notion that entry can occur at the plasma 
membrane.
Although these experiments clearly 
demonstrate that HIV entry is pH inde-
pendent, the possibility that HIV virions 
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cannot be completely excluded given 
the limitations of the assays used. For 
instance, the cell-cell fusion experiments 
are not necessarily a good predictor of 
the behavior of a small virus particle that 
carries only a few Env proteins. In addi-
tion, HIV is endocytosed efficiently and 
can readily infect cells when decorated 
with an unrelated envelope protein that 
forces it into an endocytic entry pathway. 
Thus, despite HIV being a prototypical 
example of a virus that enters cells at the 
plasma membrane, there are sufficient 
reasons to revisit the topic.
Miyauchi and colleagues address the 
three major limitations of prior work. 
First, they use a direct assay to analyze 
entry. The classical experiments for HIV 
entry are based on indirect assays such 
as viral gene expression, which occurs 
many hours after the virus enters the cell. 
The risks associated with interpreting 
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